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DQDO\VHV VKRXOG EH SHUIRUPHG LQFOXGLQJ D PRGHO RI WKH EXLOGLQJ 7KH ODWWHU FDQ EH VLPXODWHG XVLQJ HLWKHU DQ
HTXLYDOHQW VROLG >HJ @ IRU ZKLFK DSSURSULDWH HTXLYDOHQFH FULWHULD KDYH WR EH GHILQHG RU D GHWDLOHG VWUXFWXUDO
PRGHO>HJ@
7KLVSDSHUIRFXVHVRQWKHVRLOVWUXFWXUHLQWHUDFWLRQGXHWRPHFKDQLVHGWXQQHOH[FDYDWLRQZLWKVSHFLDOUHIHUHQFHWR
UHLQIRUFHG FRQFUHWH IUDPHG EXLOGLQJV 7KH VWXG\ LV DLPHG DW LGHQWLI\LQJ WKRVH FDVHV LQ ZKLFK WKH EXLOGLQJ
VLJQLILFDQWO\DOWHUVWKHVHWWOHPHQWWURXJKLQGXFHGE\WKHH[FDYDWLRQDVFRPSDUHGWRJUHHQILHOGRQH,QVXFKFDVHVWKH
UHODWLYH FRQWULEXWLRQ RI WKH IRXQGDWLRQV DQG RI WKH VWUXFWXUDO PHPEHUV WR WKH JOREDO VWLIIQHVV RI WKH EXLOGLQJ LV
DVVHVVHGVHHNLQJIRUWKHRSWLPDOOHYHORIVLPSOLILFDWLRQRIWKHVWUXFWXUDOPRGHO
7KHUHVHDUFKZDVFDUULHGRXWE\SHUIRUPLQJWKUHHGLPHQVLRQDOSDUDPHWULFILQLWHHOHPHQWDQDO\VHVRIWKHSUREOHP
DWKDQGDGRSWLQJWKHJHRWHFKQLFDOFRQGLWLRQVDQGWKHWXQQHOFKDUDFWHULVWLFVRIWKH0LODQPHWUROLQH>@
'HVFULSWLRQRIWKHSUREOHP
7KH VXEVRLO RI0LODQPDLQO\ FRQVLVWV RI VDQG DQG JUDYHOZLWK YDULDEOH K\GUDXOLF FRQGLWLRQV 7KH WXQQHO KDV D
FLUFXODUVHFWLRQZLWKGLDPHWHU' PDQGD[LVGHSWK] PIURPWKHJURXQGVXUIDFH)LJ7KHDYHUDJH
YROXPHORVVREVHUYHGDWWKHJURXQGVXUIDFHZDV
7KHLQYHVWLJDWHGVWUXFWXUHLVDVLQJOHUHLQIRUFHGFRQFUHWHIUDPHIRXQGHGRQDVWULSIRRWLQJ7KHIUDPHLV/ P
ORQJZLWKILYHPORQJED\VDOOWKHEHDPVDQGFROXPQVKDYHWKHVDPHVTXDUHFURVVVHFWLRQZLWKPORQJVLGH
7KHVWULSIRRWLQJLVPORQJPKLJKDQGPZLGH)UDPHVZLWKDQGVWRUH\VHDFKKDYLQJDKHLJKW
RIPZHUHVLPXODWHGZLWK]HURHFFHQWULFLW\ZLWKUHVSHFWWRWKHWXQQHO
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'HVFULSWLRQRIWKHQXPHULFDOPRGHO
7KHQXPHULFDOPRGHOZDVVHWXSXVLQJWKHFRPPHUFLDO)LQLWH(OHPHQW)(FRGH$EDTXVYHUVLRQ2QO\RQH
TXDUWHURIWKHSUREOHPZDVDQDO\VHGWDNLQJDGYDQWDJHRIWKHYHUWLFDOSODQHVRIV\PPHWU\SDVVLQJWKURXJKWKHWXQQHO
D[LVDQGWKHORQJLWXGLQDOD[LVRIWKHIUDPHDVDOOWKHLQYHVWLJDWHGIUDPHVZHUHV\PPHWULFDQGFHQWUHGZLWKUHVSHFWWR
WKHWXQQHODQGWKHODWWHUZDVH[FDYDWHGLQDVLQJOHFDOFXODWLRQVWHS)LJ7KHVRLOGRPDLQH[WHQGVPDQGP
LQWKHKRUL]RQWDOGLUHFWLRQV[DQG\UHVSHFWLYHO\DQGPDORQJWKHYHUWLFDOGLUHFWLRQ]7KHOLPLWHGH[WHQVLRQRI
WKHPRGHO LQ WKLV ODWWHU GLUHFWLRQZDV SXUSRVHO\ LQWURGXFHG WR REWDLQ D UHDOLVWLF VXEVLGHQFH WURXJK DW WKH JURXQG
VXUIDFHDVGLVFXVVHGEHORZ%RXQGDU\FRQGLWLRQVFRQVLVWHGRIFRQVWUDLQHGKRUL]RQWDOGLVSODFHPHQWVSHUSHQGLFXODUWR
WKHODWHUDOIDFHVDQGQXOOGLVSODFHPHQWFRPSRQHQWVDWWKHEDVHRIWKHPRGHO
7KH VRLOZDVPRGHOOHG DV DQ LVRWURSLF OLQHDU HODVWLF SHUIHFWO\SODVWLFPDWHULDOZLWK D0RKU&RXORPE VWUHQJWK
FULWHULRQ KDYLQJ WKH SDUDPHWHUV OLVWHG LQ 7DEOH  7KH YDULDWLRQ RI WKH <RXQJ¶V PRGXOXV ZLWK GHSWK DLPHG DW
UHSURGXFLQJ WKH VWLIIQHVV SURILOH GHVFULEHG LQ >@ DVVXPLQJ DQ DYHUDJH UHIHUHQFH GHYLDWRULF VWUDLQ RI  ZDV
REWDLQHGE\VSOLWWLQJ WKH VRLOGRPDLQ LQWRVL[ OD\HUVRI LQFUHDVLQJ WKLFNQHVVZLWKGHSWK7KHSRVLWLRQRI WKHZDWHU
WDEOH ZDV IL[HG DW  P GHSWK )RU WKH IUDPH DQG WKH IRXQGDWLRQ HOHPHQWV DQ LVRWURSLF OLQHDU HODVWLF ODZ ZDV
FRQVLGHUHGZLWKSDUDPHWHUVVXPPDULVHGLQ7DEOH
)ORRUVZHUHQRWPRGHOOHGGLUHFWO\,QIDFWWKHLULQIOXHQFHZDVFRQVLGHUHGQHJOLJLEOHLQWHUPVRIVWLIIQHVVDVVXPLQJ
WKDW WKH GLUHFWLRQ RI WKH MRLVWV LV SHUSHQGLFXODU WR WKH IUDPH +RZHYHU WKHLU ZHLJKW ZDV WDNHQ LQWR DFFRXQW E\
ILFWLWLRXVO\LQFUHDVLQJWKHXQLWZHLJKWRIWKHEHDPV$VVXPLQJW\SLFDOFRPSRVLWHUHLQIRUFHGFRQFUHWHDQGPDVRQU\
IORRUV RQ ERWK VLGHV RI WKH IUDPH ZLWK D K\SRWKHWLFDO  P VSDFLQJ EHWZHHQ DGMDFHQW IUDPHV D XQLW ZHLJKW
JEHDPV N1PZDVREWDLQHGIRUWKHEHDPV
QRGHTXDGUDWLFEULFNHOHPHQWVZLWKUHGXFHGLQWHJUDWLRQZHUHVHOHFWHGIRUWKHVRLODQGWKHIRXQGDWLRQZKLOH
QRGHTXDGUDWLFEHDPHOHPHQWVZHUHDGRSWHGIRUWKHEHDPVDQGWKHFROXPQVRIWKHIUDPH,QRUGHUWRWUDQVPLW WKH
URWDWLRQV RI WKH IRXQGDWLRQ WR WKH FROXPQV QRGH VKHOO HOHPHQWVZLWK ]HUR VHOIZHLJKW DQG QHJOLJLEOH VWLIIQHVV
ZHUH DWWDFKHG WR WKH H[WUDGRV RI WKH IRXQGDWLRQ VKDULQJ FRPPRQ QRGHV ZLWK WKH IRXQGDWLRQ DQG WKH FROXPQ
HOHPHQWV7KH)(PHVKHPSOR\HGIRUWKHDQDO\VLVLVVKRZQLQ)LJXUHDIRUWKHVDPSOHFDVHRIDVWRUH\VIUDPH
'LVWLQFWPHVKHVZHUHXVHG IRU WKH IRXQGDWLRQEHDPDQG IRU WKH VRLOZLWKRXW VKDUHGQRGHV )LJE7KHFRQWDFW
EHWZHHQ WKH WZR ERGLHV ZDV VLPXODWHG E\ HQIRUFLQJ D QRSHQHWUDWLRQVOLGLQJIULFWLRQ FRQWDFW LQWHUDFWLRQ ZLWK
FRHIILFLHQWRIIULFWLRQHTXDOWRWDQIWKXVXVLQJFRQWDFWPHFKDQLFVODZVUDWKHUWKDQLQWHUIDFHHOHPHQWV
7KH DQDO\VHV FRPSULVHG WKH IROORZLQJ VWDJHV  JUDYLW\ DFWLYDWLRQ LQ WKH VRLO GRPDLQ  GHDFWLYDWLRQ RI VRLO
HOHPHQWVZLWKLQWKHIRXQGDWLRQYROXPHDQGVLPXOWDQHRXVDFWLYDWLRQRIIRXQGDWLRQHOHPHQWVDQGFRQWDFWLQWHUDFWLRQ
 DFWLYDWLRQ RI WKH IUDPH HOHPHQWV  GHDFWLYDWLRQ RI VRLO HOHPHQWV LQVLGH WKH WXQQHO YROXPH DQG DSSOLFDWLRQ RI
LQFUHPHQWDOGLVSODFHPHQWVDW WKHQRGHVRI WKH LWVERXQGDU\7KHVHGLVSODFHPHQWVZHUH VHW WRREWDLQDKRPRWKHWLF
FRQWUDFWLRQRIWKHWXQQHOFURVVVHFWLRQDERXWLWVFHQWUHLQRUGHUWRJHWDUHDOLVWLFJUHHQILHOGVXEVLGHQFHSURILOHDWWKH
JURXQGVXUIDFH7KHLUPDJQLWXGHZDVFDOLEUDWHGWRREWDLQDWDUJHWYROXPHORVVRI7KHVHWWOHPHQWSURILOHZDV
IRXQG WR IDLUO\ PDWFK D *DXVVLDQ FXUYH ZLWK WURXJK ZLGWK SDUDPHWHU .  $OO VWHSV VLPXODWLQJ WKH WXQQHO
H[FDYDWLRQZHUHSHUIRUPHGXQGHUGUDLQHGFRQGLWLRQVJLYHQWKHKLJKSHUPHDELOLW\RIWKHVRLO

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1XPHULFDOUHVXOWVDQGGLVFXVVLRQ
7KH GLVWULEXWLRQ RI YHUWLFDO VRLO GLVSODFHPHQWV REWDLQHG DW WKH HQG RI WKH DQDO\VHV DW WKH IRXQGDWLRQ GHSWK LV
VKRZQ LQ )LJXUH D 7KH SURILOHV FDOFXODWHG IRU IUDPHV ZLWK GLIIHUHQW QXPEHU RI VWRUH\V LH   DQG  DUH
FRPSDUHG WR WKDW REWDLQHG LQ JUHHQILHOG FRQGLWLRQV 7KH SUHVHQFH RI WKH VWUXFWXUH LQGXFHV VPDOOHU GLIIHUHQWLDO
VHWWOHPHQWVEHQHDWKWKHIRXQGDWLRQDVWKHQXPEHURIVWRUH\VLQFUHDVHV$GGLWLRQDODQDO\VHVLQZKLFKWKHIUDPHLVQRW
H[SOLFLWO\ VLPXODWHG DQG RQO\ LWV ZHLJKW LV DFFRXQWHG IRU E\ DSSO\LQJ FRQFHQWUDWHG ORDGV DW WKH H[WUDGRV RI WKH
IRXQGDWLRQFOHDUO\LQGLFDWHWKDWWKHVWLIIQHVVFRQWULEXWLRQRIWKHODWWHULVSUHGRPLQDQWHVSHFLDOO\IRUORZHUEXLOGLQJV
7KH YHUWLFDO VHWWOHPHQWV RI WKH IRXQGDWLRQ SHUIHFWO\PDWFK WKRVH RI WKH VRLO VXJJHVWLQJ WKDW QR JDS KDV IRUPHG
FRQWUDULO\WRWKHH[SHULPHQWDOUHVXOWVUHSRUWHGE\>@IRUVWLIIHUVWUXFWXUHVDQGODUJHUYROXPHORVVHV
,W LV LQWHUHVWLQJWRQRWHWKDW WKHSUHVHQFHRIWKHVWUXFWXUHLQGXFHVDKRJJLQJ]RQHLQWKHRXWHUSDUWRIWKHIUDPH
GHVSLWH WKH IDFW WKDW LQ JUHHQILHOG FRQGLWLRQV WKH VRLO GHIRUPV HQWLUHO\ LQ VDJJLQJ LQ WKH VDPH DUHD 7KLV
SKHQRPHQRQLVUHODWHGWRWKHSHFXOLDUORDGGLVWULEXWLRQRFFXUULQJLQWKLVVSHFLILFNLQGRIVWUXFWXUHV,QIDFWDVVKRZQ
LQ)LJXUHEIRUWKHVWRUH\FDVHLIWKHZHLJKWRIWKHIUDPHLVGLVUHJDUGHGRULILWLVDFFRXQWHGIRUE\DSSO\LQJD
GLVWULEXWHGORDGDWWKHH[WUDGRVRIWKHIRXQGDWLRQZLWKRXWVLPXODWLQJWKHHQWLUHIUDPHH[SOLFLWO\WKHKRJJLQJPRGH
RI GHIRUPDWLRQ LV QRW YLVLEOH DQG WKH YHUWLFDO VHWWOHPHQW SURILOH LV YHU\ VLPLODU WR WKDW REWDLQHG LQ JUHHQILHOG
FRQGLWLRQV
$Q H[SODQDWLRQ RI WKLV ORDG GLVWULEXWLRQPHFKDQLVP FDQ EH GHGXFHG E\ LQVSHFWLQJ )LJXUH ZKLFK VKRZV WKH
IRUFHVDW WKHEDVHRIFROXPQV33DQG3)LJDVPRQLWRUHGGXULQJWKHDQDO\VHVZLWKWKHZKROHIUDPH7KH
IRUFHV 1 DUH QRUPDOLVHG ZLWK UHVSHFW WR WKH FRUUHVSRQGLQJ YDOXHV 1FDOF HYDOXDWHG WKURXJK D SUHOLPLQDU\ KDQG
FDOFXODWLRQFRQVLGHULQJ WKHZHLJKWDFWLQJRQ WKH WULEXWDU\DUHDRIHDFKFROXPQ7KH ILJXUHSRLQWVRXW WKDW DW WKH
JUDYLW\DFWLYDWLRQVWDJHWKHH[WHUQDOFROXPQ3LVVXEMHFWHGWRDODUJHUIRUFHWKDQWKDWFDOFXODWHGDQDO\WLFDOO\ZKLOH
WKHRSSRVLWHRFFXUVWRWKHLQWHUQDOFROXPQV3DQG3WKHGLIIHUHQFHEHLQJODUJHUIRUWKHWDOOHUEXLOGLQJV'XULQJWKH
VLPXODWLRQ RI WKH WXQQHO H[FDYDWLRQ WKH EXLOGLQJ VWLIIQHVV LV UHVSRQVLEOH RI D ORDG UHGLVWULEXWLRQPHFKDQLVP WKDW
SURGXFHVDQLQFUHDVHLQWKHIRUFHDWWKHEDVHRIFROXPQ3DQGDFRUUHVSRQGLQJGHFUHDVHDWWKHEDVHRIFROXPQ3
WKHYDOXHRI1 UHPDLQLQJFRQVWDQW IRU WKH LQWHUPHGLDWHFROXPQ37KHVHIRUFHYDULDWLRQVDUH ODUJHU IRU WKH ORZHU
EXLOGLQJ
7KHKRUL]RQWDOGLVSODFHPHQWVDQGVWUDLQVFDOFXODWHGDWIRXQGDWLRQGHSWKIRUWKHVRLODQGIRUWKHIUDPHDWWKHHQG
RIWKHDQDO\VLVDUHUHSRUWHGLQ)LJXUHVDDQGE$OVRLQWKLVFDVHDQLQFUHDVHLQWKHVWUXFWXUDOVWLIIQHVVLVDVVRFLDWHG
WRDGHFUHDVHLQWKHJURXQGPRYHPHQWVEHQHDWKWKHEXLOGLQJZLWKUHVSHFWWRWKRVHREWDLQHGLQJUHHQILHOGFRQGLWLRQV
LUUHVSHFWLYH RI ZKHWKHU WKH PRGHO LQFOXGHV WKH ZKROH IUDPH RU LWV VLPSOLILHG YHUVLRQ IRXQGDWLRQ RQO\ DQG
FRQFHQWUDWHGORDGV+RZHYHUWKHUHLVDVXEVWDQWLDOGLIIHUHQFHEHWZHHQVRLODQGIRXQGDWLRQGLVSODFHPHQWVWKHODWWHU
EHLQJVLJQLILFDQWO\VPDOOHU)LJD7KLVREVHUYDWLRQLQGLFDWHVWKDWWKHVWUHQJWKDWWKHVRLOIRXQGDWLRQLQWHUIDFHKDV
EHHQUHDFKHGDQGVOLGLQJRFFXUUHG7KHFRUUHVSRQGLQJKRUL]RQWDOVWUDLQV)LJEDUHWKXVQHJOLJLEOHDSDUWLFXODUO\
EHQHILFLDOHIIHFWZLWKUHVSHFWWRWKHGDPDJHLQGXFHGLQWKHEXLOGLQJ


)LJD9HUWLFDOGLVSODFHPHQWVDWWKHIRXQGDWLRQOHYHOIRUGLIIHUHQWVWUXFWXUDOFRQILJXUDWLRQVEYHUWLFDOGLVSODFHPHQWVDWWKHIRXQGDWLRQOHYHO
IRUGLIIHUHQWVFKHPDWLVDWLRQRIWKHVWRUH\VWUXFWXUH
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
)LJ1RUPDOLVHGQRUPDOIRUFHDWWKHEDVHRIWKHWKUHHFROXPQV33DQG3IRUGLIIHUHQWVWUXFWXUDOFRQILJXUDWLRQVDQDO\VHVZLWKWKHZKROH
IUDPH

)LJD+RUL]RQWDOGLVSODFHPHQWVDWWKHIRXQGDWLRQOHYHOIRUGLIIHUHQWVWUXFWXUDOFRQILJXUDWLRQVEKRUL]RQWDOVWUDLQVDWWKHIRXQGDWLRQOHYHOIRU
GLIIHUHQWVWUXFWXUDOFRQILJXUDWLRQVSRVLWLYHYDOXHVLQGLFDWHVKRUWHQLQJ
,QDGGLWLRQWRWKHKRUL]RQWDOVWUDLQWKHGDPDJHLQWKHEXLOGLQJLVDOVRDVVRFLDWHGWRWKHGHIOHFWLRQUDWLR'5)LJXUH
VKRZV WKHGHIOHFWLRQUDWLRVFDOFXODWHG LQ WKH VDJJLQJ'5VDJ ǻVDJ/VDJDQGKRJJLQJ'5KRJ ǻKRJ/KRJ]RQHV
IRUWKHGLIIHUHQWDQDO\VHVVHH)LJIRUWKHPHDQLQJRIWKHV\PEROV
7KHGHIOHFWLRQUDWLRLQWKHVDJJLQJ]RQH'5VDJ)LJDLVIRXQGWRGHFUHDVHZLWKWKHQXPEHURIVWRUH\V ORZHU
YDOXHVEHLQJDVVRFLDWHGWRWKHDQDO\VHVZLWKWKHZKROHIUDPHLQFRPSDULVRQWRWKRVHZLWKWKHVROHIRXQGDWLRQ7KH
RSSRVLWHLVWUXHIRUWKHGHIOHFWLRQUDWLRLQWKHKRJJLQJ]RQH'5KRJ)LJEIRUZKLFKWKHLQFUHDVHLQWKHQXPEHURI
VWRUH\V SURGXFHV DQ LQWHQVLILFDWLRQ RI WKH VWUXFWXUDO GHIOHFWLRQ LQ FRQWUDVW ZLWK SUHYLRXVO\ SXEOLVKHG UHVXOWV
FRPSXWHGGLVUHJDUGLQJWKHLQIOXHQFHRIWKHEXLOGLQJZHLJKW>HJ@RUWDNLQJLQWRDFFRXQWHTXLYDOHQWEHDPVZLWK
GLVWULEXWHGORDGV>HJ@$VSUHYLRXVO\GLVFXVVHGWKLVEHKDYLRXULVUHODWHGWRWKHHIIHFWRIWKHEXLOGLQJZHLJKWDQG
LQSDUWLFXODU WR LWV ORDGGLVWULEXWLRQ'5KRJYDOXHVDUHPXFK ORZHU WKDQ'5VDJ IRU WKHVWRUH\EXLOGLQJZKLOH WKH\
EHFRPHFRPSDUDEOHIRUWKHVWRUH\FDVH
$FRQYHQLHQWPDQQHU WRVXPPDULVH WKHSUHYLRXVUHVXOWVZDVSURSRVHG LQ >@ LQ WHUPVRIPRGLILFDWLRQVIDFWRUV
7KHVHIDFWRUVLQGLFDWHWKHH[WHQWWRZKLFKWKHVWUXFWXUHPRGLILHVWKHJUHHQILHOGSUHGLFWLRQVRIWKHUHOHYDQWGDPDJH
SDUDPHWHU 7KHPRGLILFDWLRQ IDFWRUV IRU WKH GHIOHFWLRQ UDWLR LQ WKH VDJJLQJ ]RQH DQG IRU WKH KRUL]RQWDO VWUDLQ DUH
UHVSHFWLYHO\GHILQHGDVIROORZ
   VDJ KFVDJ KF'5 KFVDJ JUHHQILHOGJUHHQILHOG
'50 0'5 H
H  H  
,Q(TXDWLRQWKHGHQRPLQDWRUUHSUHVHQWVWKHGHIOHFWLRQUDWLRLQWKHVDJJLQJ]RQHFDOFXODWHGIRUWKHSRUWLRQRI
WKH JUHHQILHOG VHWWOHPHQW WURXJK ZKLFK OLHV EHQHDWK WKH IRXQGDWLRQ 7KH FRUUHVSRQGLQJ TXDQWLW\ FRXOG QRW EH
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FRPSXWHG IRU WKH KRJJLQJ ]RQH EHFDXVH WKH JUHHQILHOG SURILOH LV FKDUDFWHULVHG E\ VDJJLQJ GHIRUPDWLRQ RQO\ DV
DOUHDG\SRLQWHGRXW)LJXUHDVKRZVWKDWWKHPRGLILFDWLRQIDFWRUIRUWKHVDJJLQJ]RQHGHFUHDVHVZLWKWKHQXPEHURI
VWRUH\VDFFRUGLQJWRSUHYLRXVO\SXEOLVKHGUHVXOWV>HJ@
,Q (TXDWLRQ  İKF LQGLFDWHV WKH PD[LPXP KRUL]RQWDO FRPSUHVVLYH VWUDLQ QR WHQVLOH KRUL]RQWDO VWUDLQV ZHUH
REWDLQHG EHQHDWK WKH IRXQGDWLRQ VHH )LJ E 7KLV SDUDPHWHU )LJ E GHFUHDVHV ZLWK WKH QXPEHU RI VWRUH\V LI
UHIHUUHGWRWKHVRLOZKLOHLWVKRZVDPRGHVWLQFUHDVHDOWKRXJKZLWKVLJQLILFDQWO\ORZHUYDOXHVLIWKHIRXQGDWLRQLV
FRQVLGHUHG7KLVUHVXOWDSSURSULDWHIRUWKHHYDOXDWLRQRIWKHSRWHQWLDOEXLOGLQJGDPDJHLVLQFRQWUDVWZLWKWKHW\SLFDO
EHKDYLRXUREVHUYHGLQWKHFDVHRIPDVRQU\VWUXFWXUHVDVGHVFULEHGLQ>HJ@


)LJD'HIOHFWLRQUDWLRLQWKHVDJJLQJ]RQHEGHIOHFWLRQUDWLRLQWKHKRJJLQJ]RQH

)LJD0RGLILFDWLRQIDFWRUVRIGHIOHFWLRQUDWLREPRGLILFDWLRQIDFWRUVRIKRUL]RQWDOVWUDLQ
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